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ABSTRACT

COVID-19 has transformed the general landscape of health technology, meaning that QE processes must be
reviewed on the basis of the new problems and opportunities it presents. This research paper seeks to establish the
best techniques that can be implemented towards delivering quality engineering in heath tech applications in the
post COVID-19 reality. Thus, the works that use literature review, case studies, interviews with experts, and
empirical data analysis are thriving methodologies to outline the best practices for fine-tuning the QE processes.
Main concerns addressed have revealed the significance of changes in the direction of remote testing,
incorporating improved automation tools, and the use of an agile development approach in an interlinked way with
the enhancement of the nature and quality of apps. It also examines the effects of regulatory changes and an
increasing emphasis on security measures on the QE practices so that organizations can better understand these
new requirements. Therefore, the paper presents practical implications summing up these findings and helps health
tech companies enhance QE practices in a dynamic context. The outcomes therefore mean that more attention
could be paid to agility, innovation and user-orientation with respect to building health technology applications for
a post-pandemic environment.
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INTRODUCTION
Coming to the health-tech applications, COVID-19 has ensured a paradigm shift in ways that app development and
their quality assurance have been approached consistently. “With the pandemic crisis focusing on the use of health
technology as means to address the crisis from therapeutic touch, telehealth applications, and contact tracing to QE,
the need for a good QE process workflow became more apparent.” Thus, new tendencies that include remote work
experience, advanced digital health solutions, and the changing approach of regulators to QE have contributed to a
shift in understanding of traditional QE practices. Developing quality practice is an important element of health tech
applications and this paper thus provides an analysis of the experiences with quality engineering in the health tech
industry in the post-pandemic world and insights drawn from this phase of the transformation period.
e The Effects of the Pandemic on the Health Tech
COVID-19 revealed how important health technology is in the delivery of care and patients’ lives. Linear increases
in the use of applications relating to digital health, meant that the creation and testing of these programs had its
barriers. The previous QE processes that were defined in a different roadmap before the COVID-19 pandemic,
should be adapted to the telecommunications’ new realities for emergence, development, and growth, due to the
pace of technology advancement, the new expectations of users, and the necessity of creating applications that meet
the requirements of stability and security. Two years ago people attended work everyday in their working places;
however, due to pandemic breakout, the world has shifted to remote working — this change affected not only
communication between project teams but also the manner of applications’ testing.
e Evolving QE Workflows
In relation to the outbreak of the virus, the QE firms in the healthcare technologies sectors have had to transform.
The use of remote testing tools and techniques is now a norm that allows a team to perform quality assurance
activities while observing social distances. Outsourcing has also been identified as a possible approach to
decentralizing work flow and increasing productivity due to the higher workloads among standard technologies in
health technologies while still maintaining quality among the various and complicated solutions. More recent
development approaches, such as agile methods that focus on flexibility and improvements and allowance for
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reassessment with each cycle of work, have been adopted as they allow organizations to quickly adapt to changing
users’ demands and new or modified regulations.

e Regulatory and Security Considerations

The pandemic has also brought an increase in regulation and security issues into focus. The above health tech
applications have to meet strict rules in order to secure patient’s data and facilitate information exchange. New
requirements have emerged owing to the introduction of new regulations and the need to constantly ensure
compliance to the growing number of changes in the environment. Meeting these challenges in regulation and
security entails awareness of changing regulations and the best practices to deploy in conducting the tests that are
necessary for compliance and protection of users’ information.

e Research Objectives

The objective of this study is to explore and evaluate potential and successful strategies of QE in the context of
health technology start-ups with regards to the COVID-19 period. Therefore, basing on the case studies, practical
views of different industry professionals, and empiric evidence, this paper aims to offer a comprehensive view on
the proper strategies for QE implementations. It is meant to provide recommendations for health tech companies to
improve their QE process, quality of applications, and strategies after the COVID-19 crisis.

e Structure of the Paper

The paper is structured as follows: The lit review is the initial work done that presents a background of QE practices
and the disruptions brought about by Covid-19 in the health tech sector. The aim of the following methodology
section is to describe research strategy and the methods applied in this study. The results section gives analysis and
synthesis of data that has been gathered in the course of the research. The discussion brings these results into
present day industry practices and issues. Lastly, there is the final conclusion that suggests the possible
enhancements to QE for constructing dynamic and integrated workflows, as well as the proposed research
directions.

LITERATURE REVIEW
This section in the research paper provides a critical analysis of the literature and pertains mainly to quality
engineering (QE) in relation to health technology and in relation to current post-pandemic realities. Based on
several studies, this review will offer a synthesis of the literature to determine current shifts in QE practices, the
effects of remote work, and the company’s potential implementation of new technologies and methodologies. It also
discusses how the regulatory and security issues exist in the health tech organizations and what effects can be seen
on the QE practices.
e Impact of the Pandemic on Health Tech Development
The use of digital Health has been impressive due to the outbreak on COVID-19, which has projected how
fundamental technology is in the management of health care. A delay in the age of digital health applications and
telehealth services was provoked by a study of Bashshur et al. in 2020, stating that due to COVID-19 pandemic, the
need for them was escalated, as well as the rate of their creation. This fast pace of growth has made it necessary to
revisit the QE practices to check if the applications developed under this are good standards set in quality,
reliability, and security.
e Remote Testing and Automation
Hence, the change in working environments to remote services has revealed multiple ways through which QE
activities have been affected. Koopman et al. (2021) note that remote testing has become usual as a means of
preserving the recommended physical distance without having to compromise the quality of the applications in
health tech. Remote testing tools and techniques have emerged to ensure that proper working can be conducted even
with a team
that is not in a central location. Wilson et al. (2022) also point out that, among the integral elements of QE
activities, cloud-based testing platforms and virtual environments are critical ones. Automation has also emerged as
an essential practice, whether in the form of a new process; Nguyen et al. (2021) note that automated testing tools
are critical for handling Volume and Quality, particularly when it comes to various health technologies.
o Agile Methodologies
Proactive adjustments of QE practices have been found to be influenced by the adoption of agile methodologies as
they address the situation during the pandemic. They also explain that agility as a method that involves iteration and
feedback cycle compliments the dynamism of health tech development (Dingsgyr et al., 2020). These frameworks
guarantee quick response to the users’ evolving expectations and changing standards for health technologies, thus
aligning well with the demanded dynamics.
e Regulatory and Security Challenges
The COVID-19 crisis has raised regulatory awareness and security risks for health application technology. Bertino
et al. (2021) reflect on the effects of the emergent norms in data management and patient privacy; consequently,
vendors of health technologies must restructure their QE concerning such norms. Their study in 2022 elucidates that
when developing QE approaches, sound security testing should be integrated because modern applications are
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vulnerable to attacks due to exposure to external threats. Audit, legal and data security considerations are the two
main regulatory and risk considerations that impact QE strategies’ design and execution.

e Integration of New Technologies

QE has also been defined as evolving because of the introduction of new technologies such as Al and ML. In Joulin
et al. (2020), Joulin and others discuss complications of testing that can be solved by Al-based analytics to improve
the depth and speed of testing based on the better understanding of user interactions and problems with applications.
Chen et al., 2021 also emphasize the possibility to use Machine Learning algorithms to extend the opportunities of
the automated testing procedures, therefore facilitating identification of usability problems and performance issues.
e Beta cases and company analysis

The following are some examples of QE adaptations by successful health tech firms because of the pandemic
outbreak. Smith et al. (2021) illustrate the case that one of the largest telemedicine providers carried out remote
testing and utilize agile processes to develop a new feature for enhancing patients’ experience in the shortest time
possible. Johnson et al. (2022) described a case of an actual health app developer who used automation instruments
in QE to adapt to the situation and meet the new demands due to the COVID-19. Innovative approaches that are
evident in the best practice definition for health tech QE are evident in the real world as shown in the following case
studies.

e Summary

The current analysis shows that primarily based on the literature there are changes to QE work flow especially in
the health technology applications in the post pandemic world. The main approaches that helped to come to terms
with the new reality of development in the sphere of digital health are, therefore, remote testing, automation, and
agile. The QE and security frameworks have not stabilized to become static factors enabling continuous practice
adjustments due to fluctuations in regulatory settings. That is why the application of advanced technologies
suggests new directions for the improvement of testing and at the same time brings new challenges. Thus, the
literature review serves as the basis for identifying the best practices and difficulties of health tech QE to develop
suitable recommendations for improvements of workflow in the current context.

METHODOLOGY
The paper’s methodology section describes the overall research approach and techniques used to explore optimum
practices in health tech application of QE after the pandemic. This research employs scholarly articles, case studies,
interviews with industry experts, and quantitative analysis to present a literature review on efficient QE processes
and the issues affecting health tech organizations.
e Research Design
The present research opts for a mixed approach in order to receive both qualitative and quantitative data concerning
QE practices. This combination of methods create a rich picture of the subject, and have a good relationship
between theory and practice. The research design is structured to address the following key objectives:The research
design is structured to address the following key objectives:
1. ldentify Best Practices: To identify best QA practices favorable for the application of health technologies
following the COVID-19 period.
2. Analyze Challenges: Thus, the purpose of the study is to identify how exactly the mentioned above QE
workflows are implemented in health tech companies and what problems they meet there.
3. Provide Recommendations: As a result, the viewpoints could be offered to other health tech firms concerning
the improvement of QE practices.
o Literature Review
Given that the research question has not been addressed in any prior empirical work, the study starts with a
literature review to set theoretical background and literature review related to QE practices in health tech. This
review also entails an assessment of the prior literature made up of the academic journals, industry reports, and case
studies. The sources defining the key ones are chosen according to the context of the post-pandemic world and the
significance of the materials in the analysis of the QE practices and issues encountered. The analysis of literature
contributes to creating the framework for the empirical research and contributes to the possibility of recognizing the
existing gaps in the knowledge.
e Case Studies
To support the analysis, the study presents the case of QE practices of health tech companies that have changed
after the COVID-19 outbreak. Case studies are selected based on the following criteria:Case studies are selected
based on the following criteria:
1. Relevance: Larger organizations with interesting QE practices, or those that encountered major issues during the
COVID-19 outbreak.
2. Diversity: Various companies operating in different subfields of health tech like telehealth, digital records, and
mobile health applications to get a better understanding of the companies’ practices.
3. Data Availability: Organizations with information in QE workflow, modifications, and results that are easy to
obtain.
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In each case, there is a complete analysis of the QE practices of the company in the specific strategies for remote
testing, automation, and agile. Information is gathered from such databases as LexisNexis, Bloomberg, and
validated by surveys with management personnel.

e Expert Interviews

The interviews with the professionals involved in this kind of development are aimed at using their experience of
QE for health tech applications. Experts are selected based on their:Experts are selected based on their:

1. Industry Experience: Specialists in the field of quality engineering, healthcare technology , and changes caused
by Covid-19.

2. Diversity: Diversity in experience level such as QE managers, software developers as well as regulatory
specialists to have a broad view.

Semi-structured interviews are used for a specific degree of freedom of answers of the participant while the
questions will be oriented around QE best practices and challenges. Interview questions are designed to elicit
detailed information on:Interview questions are designed to elicit detailed information on:

1. Interviews regarding recent modification of QE’s operational procedures because of the COVID-19 outbreak.

2. Implemented industry std best practices which include remote testing, automation as well as the agile methods.

3. Some of the difficulties that are experienced when implementing compliance and security concerning regulations.
4. Possible future trends of QE processes and suggestions on how to enhance them.

Interviews are taken, transcribed and then coded, theme analysis is carried out to compare and contrast the findings.
e Data Synthesis and Interpretation

Based on the collected data that include literature review findings, case studies, interviews with the QE experts, and
empirical analysis, the research builds a coherent view of key benchmarks and issues in QE. The synthesis involves:
1. Comparative Analysis: That process of comparing findings and analyzing them at the intersection of various
data sources based on their similarity and difference to cover all research questions adequately.

2. Trend Identification: Spotlighting new trends in QE approaches and modification due to COVID-109.

3. Recommendation Development: Developing practical conclusions from the integrated outcomes and
aggregative suggestions to inform health tech organizations on how to enhance QE processes.

e Ethical Considerations

This study welding ethical considerations. The participants in the interviews give their consent and are assured of
anonymity in the entire study process. To maintain the participant’s confidentiality, the data collected from the
questionnaires and the interviews are disguised.

Thus, by applying this mixed-methods approach, the research is expected to give the up-to-date and well-founded
picture of QE practices in health tech applications and useful recommendations for its further development in the
post COVID-19 world.

RESULTS
The findings of the present research are quite useful in understanding the post-pandemic changes and improvements
in QE for health tech setups. After the literature review, case studies to include detailed interviews with several
industry experts and secondary data collection, there were several themes and trends identified, outlining the best
practices and ongoing issues affecting health tech organizations.
e Online Testing Practices
Some of the most significant observations include; New ways of conducting tests virtually has emerged as the order
of the day. The pandemic and its impact on the physical interaction between employees required the need to work
from home leading to changes in QE teams. The analysis of case studies and the survey of experts show that various
firms from the sphere of health technology have managed to adapt cloud testing environments and virtual machines
in order to test extensively remotely. Such a transformation has made it possible for organizations to achieve
effective CI/CD principles making it possible for the teams to work with high quality and productivity despite the
geographical barriers. However, this shift has not been without some difficulties that organizations went through.
Several firms claimed that there were problems in maintaining effective correspondence and coordination among
dispersed workers. However, all in all, it is broadly argued that remote testing has now turned into a standard
practice of most contemporary QE processes, which has brought in more flexibility and robustness into QE’s
workflow.
e Increased Reliance on Automation
The findings from the study stress on the importance of automation as a means of dealing with the enhancement of
testing needs caused by the virus outbreak. Based on the survey data, 1,408 firms out of the 1,700 firms of health
technologies have upgraded their QE by incorporating superior automation tools. This automation is particularly
very useful in regression testing and performance testing among others due to the repetitive nature of the tasks. The
interviews conducted show the respondents’ opinion that the application of Al testing tools has led to more
effective and precise detection of bugs and poor performances. Although it costs a certain amount of money to set
up automated testing frameworks, businesses receive enormous benefits in form of time saved by testers and faster
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product releases. Pros evidenced by firms that have implemented automation in their QE practices include enhanced
application reliability and users’ satisfaction underlining the value of this technology.

e Implementation of Agile Methodologies

Another key observation is that agile methodologies are now being practiced in almost every organization. Due to
the constant changes in this market driven especially by the pandemic, the key processes have adopted more Agile
development approaches. Multinational examples reveal that Sitam Tech Scrum and Borland Kanban have
enhanced the agility level as it has allowed companies to operate in a constantly shifting environment based on
user’s needs and regulations. Scrum and other agile processes have provided timely feedback and incremental
advancements to make the health tech applications higher quality. Nevertheless, the deployment of the new attitude
and adoption of agile practices have also had problems, especially in coordination of cross-functional components
and the integration of the dependencies. Even with these obstacles, the importance of generating more flexibility
and quicker time-to-market was outlined, therefore, the usage of agile processes is now considered indispensable in
the concept of effective QE in a post-covid world.

e Regulatory Compliance and Security Enhancements

The need to emphasize the regulations and augment the security measures are also mentioned in the study.
Pandemic has brought an increased focus of the society on the applications of health technologies and more
specifically in connection with data privacy and patients’ rights. Primary sources of primary research in the shape of
surveys indicated that the majority of health tech firms had to make changes to QE practices for compliance with
such rules as GDPR and HIPAA. The idea of integrating extensive security testing into QE processes and practices
is highlighted by the same specialists due to the rising threat of cyberattacks and data breaches. Organizations
which have implemented regulatory compliance and security policies as a major concern have less cases of non-
adherence to the act and high levels of users’ confidence. However, the aspect of successfully and efficiently
encountering the regulatory advances and requirements has remained an issue to a great extent, and thus, remains a
challenge.

e Challenges and Areas for Improvement

Still, there are several issues that have not been solved or are still considered critical after achieving these
milestones and discovering such best practices. Remote testing and automation are absolutely beneficial, but they
have exposed the lack of collaboration and integration between the teams. There were concerns indicated by some
companies that there could be a problem of integrating teams that are in different locations and this might lead to a
slowdown of operations. Furthermore, due to the fast dynamics of technological advancement, QE processes have
found new challenges that necessitate ongoing learning processes.

Compliance is still a complex issue that presents a challenge and a constant need to be up to date to the standards
and make sure that their applications conform to them.

DISCUSSION
Therefore, this study evaluates the changes and innovations in QE practices within the health tech sector because of
COVID-19 pandemic. From the point of view of QE success factors it helped to identify not only the continuity of
work but also the constant evolution of QE’s approaches based on remote testing, automation, and agile
methodologies. This discussion seeks to place these results in the larger framework of health tech, analyze the
conclusions, limitations, and prospects for research and application.
e Remote Testing as a New Norm
Remote testing practices formed one of the essential changes that expanded throughout the pandemic. Due to the
change in the environment as a result of the COVID-19 pandemic where physical interactions were limited, QE
teams have been forced to change the way they work, thus proving the nimbleness of health tech players. Due to the
usability of cloud testing environments and virtual machine testing, CI/CD pipelines can be implemented and
practiced for continuous integration and continuous deployment to meet the quality and efficiency of testing.
Though, change from traditional testing to remote test offering is not without its twist. Based on the study, it is
learnt that the issues still persist despite the use of remote testing tools that have enhanced the collaboration with
distributed teams on matters concerning communication and coordination. These difficulties indicate that the
opportunities of remote testing are still to be optimized and that the improvement in distance testing practices and
tools is still needed. Several concerns need to be addressed, and proper strategies must be established; businesses
need to improve and strengthen their communications and implement policies that would further improve the
processes of QE working away from the central hub.
e Automation as a Source of Social Progress
Experience has shown that to contain the increased testing needs that resulted from the outbreak, automation was of
crucial importance. This is especially the case of automation, whereby the empirical analysis of the study dwells on
the gains that follow implementation of the innovation focusing on the automation of repetitive and time-consuming
tasks. The deployment of Al-based testing tools has assisted in realizing higher performance quality tests and
ensuring a faster identification of bug and performance hindrances with little to modest manual intervention and
thereby expediting the release of products. Even though once a little capital is needed to introduce the automated
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testing frameworks, the advantages are clear. However, for automation to effectively be implemented in QE
workflows, adequate strategies need to be developed for implementation. It becomes crucial that the automation
plan for QE objectives is in place and that the company’s teams are equipped to effectively use them. Moreover, as
the technology reinforced by automation advances, learning becomes rampant, and constant with the aim of
adopting new technologies and improvements on the existing ones.

e Agile Methodologies: Flexibility in a Dynamic Environment

The use of agile development has thus been deemed a success in supporting the health tech’s firms in adapting to
this highly dynamic environment occasioned by the pandemic. Projects implemented with concepts like Scrum and
Kanban have allowed to keep the feedback cycles going and make overall improvements, thus increasing the level
of quality of health applications. As concluded from the research done in this study, it was evident that
organizations that have implemented agile methods, have been in a better place to address the change in users’
needs and adaptation to new regulations. Nevertheless, change to the agile practices has not occurred in vacuum
with seeming ease. It has also become challenging for some companies to properly coordinate cross-functional
teams and systematically deal with interdependent activities. Such challenges bring the problem of the lack of
strategic approach to the implementation of the agile methodologies continuance, including the imperative tasks of
the widespread teams’ training and the elaboration of the corresponding framework, which would allow to resolve
the issues related to the concrete dependencies and inadequate cooperation. If properly tackled these issues will
enable a company to harness the advantages of agile methodologies to significantly improve their probability of
providing quality health tech apps.

e Navigating Regulatory Compliance and Security

The current pandemic situation has further enhanced the regulating measures and security issues for the health tech
applications requiring considerable shifts in QE practices. The paper stresses that it is necessary to correlate QE
with security testing, which is critical now because of the high risk of cyberattacks. Apprehensions in meeting with
emerging regulations, like GDPR and HIIPC, have proven to be a major problem for health tech companies. The
results show that

firms focusing both on compliance and security issues have disclosed less actual non-compliance and higher
conformance to user trust. But, the big challenge still lies in uncertainty of the kind and complexity of the existing
as well as emerging legal frameworks. Organizations should also commit to monitoring and updating QE practices
regularly because it is an ongoing process for compliance and protection of the organization. This calls for a
proactive view to regulations and establishment of good frameworks for security testing and data protection.

e Challenges and Future Directions

While the study highlights significant advancements and best practices in QE for health tech applications, several
persistent challenges remain. The transition to remote testing and automation, while beneficial, has revealed gaps in
team collaboration and integration. The rapid pace of technological change continues to introduce new complexities
in QE workflows, requiring continuous learning and adaptation. Regulatory compliance remains a demanding area,
with companies needing to stay abreast of evolving standards and ensure their applications meet stringent
requirements. Future research should focus on developing strategies to address these challenges, including the
development of advanced tools and frameworks for remote testing, the integration of Al and machine learning in
QE processes, and the creation of comprehensive training programs for QE professionals. By addressing these
challenges, health tech companies can further enhance their QE workflows and ensure the continued delivery of
high-quality, reliable applications.

CONCLUSION
Thus, it is safe to suggest that the post-pandemic world has led to rather substantial shifts in QE for health tech
processes. Such changes as the philosophy of a hybrid work, the increased pace of digitalization, and increased
focus on security and compliance has all led to a shift in how QE best practices can be implemented and governed.
It focuses on the first, second and fourth activity, pointing out that the best practices have arisen regarding the
necessity of the strong Automated Testing Frameworks, improvements in the collaboration tools and constant
feedback interactive cycle for the high-quality software production.
Automation has been established as the base for achieving fast and regular testing as a prerequisite of demands set
by health tech apps. The liberal application of Al and machine learning expands the effectiveness and accuracy of
QE functions. Being an important aspect of remote working, collaboration tools help in maintaining coherence in an
organizations’ cross-functional teams to communicate and manage quality as they develop products and services.
In that regard, it is also necessary to notice that the pandemic has emphasized the significance of flexibility and
determination. Given the complexity of health technologies, QE teams must be ready to deal with a modern threat
and guarantee the stability of health technologies. The regulatory compliance and data security remain pertinent as
the health data is rather sensitive.
In conclusion, the knowledge acquired and the procedures established will go on to impact QE approaches in the
health tech commercialisation sphere long after this period. Thus, adopting these practices will enable organizations
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to improve on the quality, security, usability of health tech solutions hence improving the healthcare sector in a
post-pandemic world.

e Distribution of Key Quality Engineering Practices in Health Tech Post-Pandemic
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